We isolated zebra®sh homologues of the Runt-related transcription factor gene family (Runx family), runxa and runxb, and analyzed their developmental expression patterns. The deduced amino acid sequence of Runxa was highly homologous to that of AML1 (also called CBFA2, PEBP2aB or Runx1), a critical regulator of mammalian hematopoiesis expressed in cells of the hematopoietic lineage as well as other tissues. During zebra®sh development, the runxa gene was not expressed in hematopoietic tissues but in the olfactory placodes and cells attached to the otic vesicles. We identi®ed three kinds of runxb transcripts, which encoded two types of proteins with different N-terminal regions. The Runxb proteins were highly similar to AML2 (CBFA3, PEBP2aC or Runx3). The expression sites of the shared region of runxb mRNAs during development were the trigeminal ganglions, dorsal neurons of the neural tube and the lateral line primordia. These ®ndings show that expression patterns of the zebra®sh Runx genes are distinct from that of the mammalian genes. q
Cloning and sequence of zebra®sh runx gene cDNAs
Genes of the Runt domain transcription factor a subunit contain a DNA binding domain (the Runt domain) that is highly conserved from insects to mammals and form a gene family (Runx family) Pepling and Gergen, 1995) . In Drosophila, the Runt domain genes runt and lozenge are involved in multiple developmental processes (Tsai and Gergen, 1994; Dormand and Brand, 1998; Flores et al., 1998; Gupta et al., 1998; Kramer et al., 1999) . In mammalian cells, three genes of the Runx family have been identi®ed and shown to be required for hematopoiesis and osteogenesis (for reviews see Ito, 1999; Westendorf and Hiebert, 1999) .
We isolated cDNA of the zebra®sh genes, runt-related transcription factor a (runxa) and runt-related transcription factor b (runxb). runxa coded for a 451 amino acid protein most similar to mammalian AML1 (Bae et al., 1993; Levanon et al., 1994; Miyoshi et al., 1995) across the entire sequence with conserved Runt domain (124 of 128 amino acids, 97%, were similar) and the C-terminal pentapeptide (VWRPY), though the N-terminal 14 amino acids were unique (Fig. 1) . Based on this comparison runxa is possibly the orthologue of mammalian AML1.
We isolated three kinds of runxb transcripts with different 5 H -regions, likely due to alternative splicing, termed runxb transcript 1, transcript 2 and transcript 3. They encoded two protein isoforms: Runxb-Shorter (424 amino acids) and Runxb-Longer (438 amino acids) (Fig. 1) . runxb transcript 2 and transcript 3 contained the same open reading frame for Runxb-Longer, and different 5 H -¯anking sequences. The Runxb proteins were highly homologous to AML2 (Levanon et al., 1994; Bae et al., 1995; Meyers et al., 1996) , showing 97% amino acid sequence similarity in the Runt domain and the conserved C-terminus (Fig. 1) . However, the N-terminal amino acid sequence of Runxb-Longer showed high similarity with that of AML1B (AML1c) (Meyers et al., 1995; Miyoshi et al., 1995) (ten of 13 amino acids were identical), or the short form of Osf2/ Cbfa1 (Runx2) (Ducy et al., 1997; Xiao et al., 1998 ) (six of seven amino acids were identical). The DDBJ/EMBL/GenBank accession number for runxa is AB043787, and the numbers for runxb transcript 1, transcript 2 and transcript 3 are AB043788, AB043789, and AB043790, respectively.
The expression patterns of runx genes
Expression of both runxa and runxb genes was detectable by whole-mount in situ hybridization in embryos only after the ten somite stage, and was strong at the 18±20 somite stage (Figs. 2 and 3).
runxa was primarily expressed in two regions on each side of the midline in the head: (1) a group of cells ®rst located in front of the developing eye and eventually identi®ed in the basal layer of the olfactory placode in a semicircular arrangement (the proximal side was open), and (2) a small cluster of cells in the head mesoderm located just anterior to the ventral edge of the otic vesicle in a crescent arrangement (Fig. 2) . These regions may partially overlap with the embryonic expression sites of mouse AML1 (Simeone et al., 1995) , but are different from hematopoietic tissues (Willett et al., 1999) . In mice, AML1 is prominently expressed in hematopoietic cells in later stages . The expression level of runxa gradually decreased with development ( Fig. 2D±F,I±K) . Temporally restricted weak expression of runxa was also detected in 
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The runxb mRNA shared region among the three transcripts was expressed in three regions: (1) small clusters of cells between the eye and the otic vesicle, representing the trigeminal ganglion; (2) individual cells in the dorsal neural tube, Rohon±Beard sensory neurons (Metcalfe et al., 1990) and neural crest cells; and (3) the primordia of the lateral line organs (Fig. 3) . The expression level of runxb also decreased with development (e.g. Fig. 3F,I,M) , and the expression in Rohon±Beard cells and neural crest cells as well as in the lateral line organs was undetectable after the prim-14 stage (30 h post-fertilization).
Using RT-PCR (reverse transcriptase-polymerase chain reaction), expression of runxa was detected as early as at the mid-blastula transition (MBT) and enhanced from the three somite stage. runxb transcript 1 and transcript 2 were expressed maternally, as well as zygotically from MBT. Expression of transcript 3 was detected from the three somite stage (data not shown).
Taken together, the very speci®c expression patterns of zebra®sh runx genes, mainly in neural tissues, are signi®-cantly different from that of the mammalian genes.
Materials and methods

Fish
Zebra®sh stocks were maintained as described by Wester®eld (1995) , and staging was followed as described by Kimmel et al. (1995) .
Cloning
Zebra®sh runx gene cDNAs were isolated from total RNA of 1-year-old adult ®shes. Using the mammalian consensus sequence we ®rst isolated the Runt domaincoding sequences by RT-PCR. Cloning was then expanded using 3 H -and 5 H -RACE (rapid ampli®cation of cDNA ends). Sequencing was performed in both directions. Sequence analyses were made using GeneWorks (Oxford Molecular Group, Inc.).
Analyses of expression
Whole-mount in situ hybridization was performed as previously described by Hauptmann and Gerster (1994) . A runxa RNA probe was prepared from a cDNA fragment downstream of the Runt domain-coding region. Probes for runxb corresponded to the Runt domain-coding region or the 3 H -¯anking sequence. After the hybridization, some embryos were embedded in paraf®n, cut into 5 mm-thick sections, and observed by Nomarski microscopy. Expression of runx genes was also analyzed by RT-PCR using primers designed from 5 H -unique sequences.
